The effects of Eisenia foetida (earthworm) meal as a protein source on growth traits, carcass digestive organs, bone strength, and characteristics of broilers were investigated. A total of 180 day-old broilers were randomly allocated to 5 treatments with 0% (EWO), 1% (EW1), 3% (EW3), 5% (EW5), and 10% (EW10) earthworm meal inclusion. Supplementing the diet with 5% earthworm meal improved weight gain of broilers. Furthermore, the study revealed the effectiveness of 3% E. foetida level on producing acceptable carcass and bone in broilers. However, the gizzard weight reduced with the inclusion of earthworm meal and no dietary effect was seen in gizzard pH. The highest intestine weight was observed in EW3 birds while the least was seen in EW10 birds. The bone strength increased as the inclusion level of E. foetida increased, but was less than control EW0. Nevertheless, ash content decreased with the increase inclusion level of earthworm meal in the diet.
DESCRIPTION OF PROBLEM
The global poultry industries have traditionally faced competition for feed ingredients from other animal industries such as pork and aquaculture. In poultry, protein feed source is an aspect of high economic importance in the rearing of broilers. Despite the fact that it is primarily source for the growth response of chickens, but mainly because it represents the largest cost in the production cycle. Hence, the 1 Corresponding author: bgunya@gmail.com current innovation in broiler chickens/poultry industry is to identify and utilize alternative cheap animal origin protein sources in poultry feed. Commonly used protein feed sources for chickens are fishmeal and soybean. These protein feed sources are restrictive [1] because they are more expensive. Therefore, there is a need to come up with an alternative or replacement sources of protein that can substitute fishmeal and or soybean meal.
One such class of comparable alternatives is the earthworm Eisenia foetida as it has a good nutritional profile [2] . Many researchers have found that the E. foetida earthworm has a potential to be used as an alternative animal protein [3, 4] since it has high protein content of 64%-76% and contains 20 out of 24 major amino acids [5] which are very important in poultry production. Furthermore, E. foetida contains lysine which is limiting in many feedstuffs [6] . Moreover, E. foetida contains a high amount of omega 3 fatty acids and adequate mineral content and an excellent range of vitamins which are valuable components of poultry feed [7] . In addition, they can be produced and harvested with ease in households with minimal management practice required, and produced by simple methods from many kinds of organic material. They can grow on a wide range of composting organic materials, from fruit to vegetables to kitchen wastes, rendered fish, and poultry, pigs, and cattle manure. Therefore, the inclusion of E. foetida in feeds for poultry production seems to be a promising innovation because of their high efficiency in making valuable nutrients.
The potential of E. foetida as a protein source for poultry feed and its effects on growth performance have previously been reported by many researchers [8] [9] [10] [11] . Although the researchers focus on the use of E. foetida meal as an alternative source of protein for poultry, little has been done on how digestive organs and bone strength are affected. The leg weakness and broken bones are serious challenges in the broiler industry, resulting in large economic losses estimated at 1.1% bird mortality, and an additional 2.1% loss due to down-grading of carcasses during processing [12] . It has been reported that bone strength is directly influenced by diet [13] . Therefore, the objective of this study is to investigate the effect of E. foetida as a protein source on growth performance, digestive organs, and bone strength and carcass characteristics of broilers.
MATERIAL AND METHODS

Ethics Statement
All the procedures used in this study were approved by the University of Fort Hare Research Ethics Committee, South Africa. 
Animals and Dietary Treatments
A total of 180 day-old Cobb broilers from a commercial hatchery 1 were randomly assigned into 5 treatments with 3 replicates. Basal feeds were split into 5 treatment (T) groups, with increasing inclusion levels of earthworm meal at 0% (EW0: control); 1% (EW1); 3% (EW3); 5% (EW5); and 10% (EW10). Five dry feeds were formulated using Win-Feed 3.0. The feeding program consisted of starter (1-21 d of age broilers), grower (22-28 d of age broilers), and finisher (29-35 d of age broilers). The composition of E. foetida and experimental diets are presented in Tables 1 and 2 for descriptive purposes.   2,3,4 1 Belyn Hatchery, East London, South Africa. 2 Eisenia foetida were obtained from commercial suppliers Ado Cruise Earthworm Farm in Port Elizabeth, South Africa. Fresh E. foetida earthworms were harvested by hand picking. After being washed thoroughly the worms were killed in boiling water. Thereafter, they were dried in a conventional laboratory oven (Heraeus, Model no. T5050) at 90˚C for 4 h. After drying the worms were ground to powder form with a mortar. The earthworm meal was then placed in airtight polyethene plastic bags until they were used. 3 Five dry feeds were formulated using Win-Feed 3.0 in a commercial feed manufacturing company. Experimental diets were provided in a mash form and formulated to be isonitrogenous and isoenergetic. 4 The chicks were reared together on deep litter in an open house. The house floors were covered with 6 cm of wood 376 JAPR: Research Report 0.00 0.00 0.00 0.00 0. 0.00 0.00 0.00 0.00 0.00 3.15 Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Nutrient levels, % (Analysed) ME, ML 3 Sumax is an animal-use only, in-feed antimicrobial for the prevention of necrotic enteritis associated with Clostridium perfringens in broiler chickens. 4 Gluten 20 made from husk in the fine skin around the kernel of maize.
Evaluation of Growth Performance
The birds were weighed weekly on Tuesdays at 10:00 using a weighing scale (LBK, 12) to observe their rate of gain. Body weight gain (BWG) was determined by subtracting the final body weight from the initial body weight. Feed intake (FI) was determined as the difference between the amount of feed provided and feed left by shavings as litter material. These experimental pens were constructed within a house in which a 1 m high net wall was covered with wire mesh. The wire mesh was allowed for ventilation and natural light. Chicks were inspected daily and dead birds were removed. Feed and fresh water were accessible ad libitum throughout the whole production cycle.
chickens. Feed conversion ratio (FCR) was determined as a measure of the amount of feed required to attain one unit of weight gain, results presented in Table 3 .
Slaughter Procedure
At 35 d of age, birds were randomly selected and fasted for 6 h with water offered ad libitum. At the processing plant, birds were reweighed before slaughter (Table 4) to measure their live weights. The chickens were electrical stunned individually on the head using 70 V prongs. Thereafter, heads were decapitated from the neck using a sharp knife. and 10% of DM intake, respectively. 
Carcass Performance
After bleeding, scalding, plucking, and washing, the feet, head, and neck were removed. Gizzards and visceral organs (liver, heart, and spleen) were removed by hand through an incision made around the vent and sternum. Dressing percentage (carcass weight/bodyweight) was calculated and expressed as a percentage (Table 4) .
Digestive Organs Size Measurements
The digestive tract with digesta was removed aseptically and then the gizzard was excised and the content was collected. The intestines and gizzard were weighed individually and weights were recorded. Treatment means are reported in Table 5 .
Gizzard pH Measurement
The pH of the gizzards for each chicken was measured using a portable pH meter.
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Preparation for Bone Sample
At the end of the experimental period, birds were slaughtered and then frozen at −20
• C for further analysis. Carcasses were carefully dissected into primal cuts. The left and right tibia of each bird were removed with the drumsticks and flesh undamaged. The drumsticks were labeled and immersed in boiling water (100 • C) for 10 min. After cooling to room temperature, the flesh was manually removed from the tibia and the bones were then air dried for 7 h at room temperature.
Bone Strength Determination
The breaking strength of each tibia was determined using Instron machine. 6 The vertical hy- draulic force was applied at the midpoint of the bone shaft to minimize splintering. The load, defined as force (Newton, N) of the cross-section represented bone strength, while the modulus measured rigidity, as related to stress and strain.
Ash Percentage
The crucibles and lid were weighed, and then the combined mass recorded as weight 1, weight 2 was obtained by weighing approximately 1 g of the ground dry sample then the weight was recorded (i.e., combined mass of crucible, lid, and sample). Lastly, weight 3 was recorded after the samples were ashed in a muffle furnace for 24 h at 600
• C. Data are presented in Table 6 . The percentage ash was determined relative to dry weight of ground tibia. 
Data Analysis
The effect of dietary treatments on BWG, FI, Average daily gain (ADG), AFI, FCE, bone characteristics, and digestive organs of broiler chickens were analyzed using oneway ANOVA, using General Linear Model (GLM) procedure of SAS (SAS, 2006). LSD test was used in the analysis for comparisons means. The significance level was set at P < 0.05.
RESULTS AND DISCUSSION
Growth Performance
The effects of different inclusion levels of E. foetida meal on BWG, ADG, Average daily feed intake (ADFI), and FCR are shown in Table 3. A dietary effect for BWG was observed during 29-35 d where EW5 birds had a higher weight gains. Overall birds fed EW1 and EW10 had lower BWG than birds fed EW3 or EW5, but none of EW treatments were different than the EW0 control. Improved BWG in broilers fed diets containing earthworm meal may be due to the antibacterial characteristics of earthworm meal [14] . This means that, at the end of the trial, birds fed EW5 were numerical heavier compared with birds fed other treatments used in this study.
Birds fed EW5 had a greater ADG comparable to all other treatments, and EW10 had less ADG than control and EW5 (29-35 d of age). Birds fed EW5 inclusion of E. foetida meal recorded the highest ADG and birds in diet containing EW10 E. foetida meal inclusion level had the least average daily gain (Table 3) . Current findings are in accordance with those observed by [15] who reported that the inclusion of earthworm meal up to 5% level improves broiler ADG. Nevertheless, they are contrary to results of [8, 16] who found that ADG was improved in quail and broiler diets with 10% earthworm meal. Moreover, [17] found that birds fed with fresh earthworms had lower ADG as compared to the control group. This variation in our findings may be attributed to the type of earthworm (Lumbricus rubellus) and state of earthworm (fresh earthworm) used which resulted in decreasing of FI, thus decrease weight gain of birds. The improved ADG of birds fed 5% inclusion could be due to the higher ADFI and protein content of the diets which is efficiently metabolized for growth [18] . In addition, antimicrobial and antioxidant in E. foetida earthworm [8] and no anti-nutrient factor which improves the performance of broilers [19] are likely the main causes of enhancement in weight gain in EW5.
The decrease in ADFI for birds fed EW10 might account for the low BWG in birds in the diet with 10% inclusion of E. foetida. This might be related to the very high Fe content of earthworms (Table 1) which is likely reflection of the natural high Fe content consumed by the earthworms. This is consistency with the findings of 7 who reported that inclusion of earthworm meal above 5% inclusion level resulting in depressed performance of broilers. In this study, dietary E. foetida meal inclusion influenced the daily FI of birds during the last stages of production (22- 28 d and 29-35 d) . In contrast with our findings, [20] in their study observed that birds fed organic acids containing different crude protein level had no effect on ADFI throughout the feed trial. These contradictory results may be due to different sources of proteins used in these studies.
During days 22-28, the highest ADFI of birds was recorded in birds fed low-level E. foetida meal (EW1) while the lowest intake was seen in birds fed EW10 (Table 3 ). The decrease in ADFI in birds fed a diet with EW10 inclusion of earthworm may be attributed to the dull color of diet with high earthworm meal as earthworms are dark, even more after processing (drying). According to [21] broilers are very sensitive to the color of feed, and bright feed attracts birds resulting in higher ADFI while dull feed reduces FI of birds. The birds fed 10% of earthworm meal had the least FI because of high earthworm meal in the diet. Moreover, it has been reported that earthworms contain coelomic fluid, which could make feeds unpalatable when large quantities of earthworm are included in the feed [22] which consequently reduced EW10 feed consumption. The results corroborate the findings of [21, 23] who found that earthworm meal reduces FI of birds. The increase ADFI in birds fed low inclusion of E. foetida meal may be due to the fact that the diet was palatable to birds, thus increase in ADFI of broilers. Our findings are in support of the findings of [24] who found that ADFI of birds increased with low protein inclusion in diets and decreased with high protein inclusion. In the current study, on the last phase of production (29-35 d), birds in EW3 had a significantly higher ADFI compared to EW10. Current findings are consistency with the results found by [8] who found minimum feed consumption in birds in a diet containing 5% E. foetida meal level.
Feed conversion ratio is used to determine the efficiency in livestock production [25] . Even though no differences were observed on BWG, ADG, and ADFI during the first phase of growth, FCR was influenced by diets provided in this study. Birds fed diet without E. foetida (EW0) and those in the least inclusion level of earthworm (EW1) were able to convert their feed to the meal better than birds that consume higher inclusion level of earthworm meal (EW3, EW5, and EW10) (Table 3 ). Furthermore, [15] also witnessed similar results, where broilers fed on earthworm meal showed no difference in weight gain at the beginning of the feeding trial. Janković et al. [17] also reported that after replacing fish meal with E. foetida meal, a nonsignificant effect in ADFI was observed during the early growth days. This could be due to the slow development of the crop which plays a very important role in softening of the feed.
No significant difference observed in FCR during 22-28 d and 0-35 d and this implies that no significant loss of FCR when feeding earthworm meal at a potential lower feed cost. Nevertheless, in the last phase of production, the FCR was similar across dietary treatments except for EW3 (Table 3 ). In general, broiler producers aim to produce feed with a low intake, high FCR which can then result in high BWG. EW5 seemed to be a solution for such an objective as birds fed EW5 had low ADFI, best FCR and increase BWG. Table 4 depicts the effect of the inclusion level of E. foetida meal on carcass characteristics of broilers. The inclusion of 3% of E. foetida meal in the diet of broilers provided superior results in terms of live weight and carcass yield as compared to the control group. This could be attributed to the high FI, the growth rate of the birds in EW3 resulting in better muscle growth, hence had the higher performance of carcass characteristics. The current finding contradicts with the report by [26] who observed a linear increase of body weight with increasing silk worm pupae, but 8% inclusion of silkworm pupae had little effect on the live weight. Dressing percentage had a similar trend among treatments, finding in line with a report by [18] who didn't find differences on dressing percentage of broiler chickens fed different inclusion levels of Moringa oleifera leaf meal. However, our findings are contrary to findings of [21] who found that birds received a higher level of maggot meal had significantly better dressing percentage and carcass weight.
Carcass Characteristics
Digestive Organs
There was a significant difference (P < 0.05) in gizzard weights among dietary treatments (Table 5 ) with birds fed EW10 had the lowest gizzard weights while the highest was found in EW1. However, there was no significant difference (P > 0.05) in gizzard pH among dietary treatment. Gizzard size is of importance in digestion of birds because an increased gizzard size will not only increase the grinding action but also increase the incidence of gastric reflexes that serve to re-expose the digesta to pepsin in the proventriculus, enhance the mixing of digest enzyme, improves digestion and also discourage microbial proliferation, which may cause disease or compete for nutrients [27] . The finding from this study contradicts with the results by [28] who found that fresh commercial chicken gizzards weigh roughly 22 g, as birds in all dietary treatments had higher gizzard weights comparable to 22 g. The low gizzard weight in birds fed EW5 may be due to the reduction of FI in birds that received high inclusion of E. foetida. Probably the reduction of gizzard weight with high protein inclusion in diet could be attributed to the lack of mechanical stimulation by the feed [29] and this is consistent with the report by [30] who found that increase in inclusion level of protein source in a diet reduced gizzard weight.
Birds on EW3 had significantly greater intestinal weight than birds fed EW0, and birds fed EW5 and EW10 had significantly less intestinal weight than birds fed EW0. Our results are similar to the report by [8] who found that E. foetida meal inclusion in diet improved intestinal weights of birds. Furthermore, [31] indicated that increase intestine weight is caused by earthworm meal, which is a good source of glutamic acid (glutamate) for broilers. It causes cause bigger weight villi in duodenum and jejunum. Moreover, [32] reported that broilers fed a diet supplemented with 10 mg vitamin7nbsp;E along with 1% glutamine had longer villi and deeper crypts in the duodenum and deeper crypts in jejunum than broilers fed a diet containing vitamin E without glutamine. Soltan [33] also observed that broilers fed diet containing glutamine had bigger weight villi in duodenum and jejunum compared to the control group.
Bone Strength and Ash Content
The bone strength of broilers is regarded as an important attribute for production since leg weakness, lameness, and other bone abnormalities as a result of metabolic disorders are problems in broilers. This leads to considerable production losses and having a negative effect on broiler welfare [34, 35] . Moreover, weak bones are an undesired trait in broilers because this problem results in 1.1% mortality of birds and 2.1% loss due to downgrading of carcasses during processing [12] which then results in economic losses. Breaking strength of tibia of birds in the current study was positively influenced by the inclusion of E. foetida meal in the diet. The breaking strength of the tibia improved with the increase of the inclusion level of E. foetida meal in the diet (Table 6 ) even though birds fed EW0 had significant higher breaking strength. This could be attributed to the fact that E. foetida is rich in protein which is needed for bone strength. Similarly, results obtained in the present study [36] found the inclusion of Lactobacillus sporogenes improved the bone breaking strength of birds. In contrast to our findings, [37] reported that no dietary effect on bone parameters fed different inclusion levels of protein.
Bone ash content is used to assess the bioavailability for calcium and phosphorous [38] and the actual weight of tibia is the most common indicator of the amount of available calcium and phosphorous in the diet [39] . Birds in EW1 had the highest bone ash percentage as compared to other dietary treatments ( Table 6 ). The increase of bone ash content of birds may be due to high mineral content but these minerals were not Ca and P because if it was these 2 also the bone breaking strength would have been improved. It may also have been accelerated by unnatural factors such as degree of ashing; however, there is no experimental evidence to support this. Birds in EW1 showed high ash content but initially had low bone strength this means that the contradiction between these 2 bone characteristics may have been brought about by nutritional factors such as high concentration of minerals within the bones.
CONCLUSIONS AND APPLICATIONS
1. It can be concluded from the results obtained in this study that; as a protein source at the level of 5% by E. foetida earthworm meal for an improved weight gain of broilers without adverse effects on the performance of the birds. 2. Furthermore, this is the first known report on carcass characteristics, digestive organs, and bone strength. Further investigation is necessary to determine the consequence of inclusion levels of E. foetida on carcass characteristics, meat yield, and quality.
